On uridine transport in human red blood cells by unknown
LETTER TO  THE  EDITOR 
On  Uridine  Transport 
in  Human  Red  Blood  Cells 
Dear Sir: 
In our work (1) we have made use of Stein and Lieb's (2) approach to obtain 
values of ratios of molecular rate constants related to transport steps.  In order 
to rationalize our results we assumed at the time that in equilibrium-exchange 
conditions the concentration of the carrier-substrate complex was higher at the 
external surface of the cell and that the turnover rate of influx was proportion- 
ally  smaller  than  that  of  efflux.  This  implied  a  different  resistance  of  the 
membrane to the inward and outward movements, respectively, of the loaded 
carrier. 
There is,  however, another possibility which we have not previously consid- 
ered,  namely,  that  the  loaded  carriers  are  equally  distributed  across  the 
membrane but that the unloaded carriers are not. That this is in fact the case 
for the uridine transport system of human red blood cells we shall attempt to 
demonstrate here. 
Briefly, from Stein and Lieb's work (2) it can be shown that at steady state the 
concentration of the carrier at the inner side of the membrane is given by 
T(b, ka +  b2 k2 +  blf2 $2) 
E1  =  (bl +  b2) (kl  +  ka) +  (b2 +  ka)flSl  +  (bl  +  kx)f2S2  +f9c2SiS2  (1) 
while that on the outer side of the membrane is given by 
T(b2 kl  +  bl kl  +  b2fl $1) 
E2 =  (61 +  62) (k,  +  k2) +  (62 +  k2)flSl  +  (61 +  kl)f2S2  + ftf2SiS~,  (2) 
where T  is the total carrier concentration,f is the association rate constant, b is 
the dissociation rate constant, k is the rate of translocation of free carrier across 
the membrane,  and S  is the concentration of the substrate.  Subscripts  1 and 2 
refer to the inside and outside of the membrane, respectively. 
From the principle of microscopic reversibility which states that 
blktf2  =  b2k.~f~,  (3) 
and from the fact that under equilibrium conditions 
$1 =$2=S,  (4) 
we arrive at the following equality for the ratio of carrier concentration: 
E_L =  blk~  +  b2k2 +  btf2S  =  k~_.  (5) 
E2  b2kl  +  blka  +  b~flS  kl 
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In  addition fib  is  the  association  constant  of the  carrier-substrate  complex on 
either side of the  membrane, hence 
ft/bt  = ESt/E. St  fJb2 = ES2/E. Sz.  (6) 
Combining Eq.  (4),  (5), and  (6) we learn that 
blkvf2 = ES_~2  (7) 
b2k2fl  ESI' 
and  finally,  using  Eq.  (3)  and  (7),  we  arrive at ESj  = ES2.  This  indicates  that 
under  equilibrium-exchange  conditions,  the  concentration  of carrier-substrate 
complex  (i.e.,  loaded  carrier)  is  equal  at  both  sides  of the  membrane.  Thus, 
any observed asymmetry should stem from uneven distributions of free carrier. 
In  fact  from  the  kinetic  parameters  of  uridine  transport  measured  in 
equilibrium-exchange conditions  (1) we obtain a k2/kl  value of 4.3.  Thus,  using 
this value and Eq.  (5) we conclude that free carrier concentration on the inside 
of the  membrane is 4.3  times higher  than that on the outside,  contrary to our 
previous assumption. It should be stressed, however, that the present treatment 
does  not  allow  distinction  between  distribution  of  carriers  as  compared  to 
conformational states of carriers. 
On  the  basis  of  the  figures  of  104  carriers  per  cell  (3)  1.43  x  10  t3  cells 
(packed) per liter cell water, and  Vmax of uridine of 7.5 mM/min (at 25°C) from 
our previous work, we can now estimate a  new overall turnover rate of 3.15  x 
104 molecules of uridine  per minute per carrier. 
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